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,QWURGXFWLRQ
7KHSURYLVLRQRIDQHIILFLHQWFDSDEOHDQGIXOO\IXQFWLRQDOWUDIILFLQIUDVWUXFWXUHQHWZRUNLVRIXWPRVWLPSRUWDQFHLQ
YLHZRIERWKJXDUDQWHHLQJPRELOLW\WUDQVSRUWDQGHFRQRPLFFDSDELOLW\DQGSUHVHUYLQJWKHSHRSOH¶VTXDOLW\RIOLIH7KLV
SDUWLFXODUO\DSSOLHVIRUFRXQWULHVZLWKH[WHQVLYHWUDGHUHODWLRQVDQGKLJKO\GHYHORSHGLQGXVWULDODQGHFRQRPLFDFWLYL
WLHV+HUHE\FULWLFDOSRLQWVLQLQIUDVWUXFWXUHQHWZRUNVFRPPRQO\DUHHQJLQHHULQJVWUXFWXUHVVXFKDVEULGJHVDQGWXQ
QHOVZLWKXQIDYRUDEOHFRQVHTXHQFHVDULVLQJIURPUHVWULFWLRQVLQVHUYLFH$FFRUGLQJO\WKHSHUPDQHQWSUHVHUYDWLRQRI
XQUHVWULFWHGIXQFWLRQDOLW\DQGVWUXFWXUDOVDIHW\RIWKHVHVWUXFWXUHVKDVWREHSXUVXHGZLWKKLJKHVWSULRULW\
,QWKHIROORZLQJDEULHIRYHUYLHZRIVHOHFWHGQHZSUHVWUHVVHGFRQFUHWHEULGJHVDVZHOODVUHODWHGFKDOOHQJHVDQG
WHFKQLFDOGHWDLOVURDGDQGUDLOZD\EULGJHVZLOOILUVWO\EHJLYHQLQVHFWLRQ6XEVHTXHQWO\VHFWLRQ*HUPDQ\¶VUH
DQDO\VLVDQGDVVHVVPHQWVWUDWHJ\IRUH[LVWLQJEULGJHVZLOOEHH[SODLQHGDQGUHOHYDQWRYHUDOOUHVXOWVDQGILQGLQJVJDLQHG
IURPWKHUHDQDO\VLVVFKHPHZLOOEHSUHVHQWHGDQGGLVFXVVHG)LQDOO\LQVHFWLRQFXUUHQWUHVHDUFKDFWLYLWLHVIRFXVLQJ
RQDPRUHUHDOLVWLFDVVHVVPHQWRIERWKDFWLRQVHJEULGJHVSHFLILFWUDIILFORDGVDQGORDGEHDULQJPHFKDQLVPVDQG
UHVLVWDQFHVLHWKHEHDULQJFDSDFLW\SDUWLFXODUO\UHJDUGLQJWKHWUDQVPLVVLRQRIVKHDUZLOOEHDGGUHVVHG
1HZPDMRUEULGJHVLQ*HUPDQ\
,QUHFHQW\HDUVDQGDOVRWRGD\WKHUHDUHVHYHUDOPDMRUEULGJHVXQGHUFRQVWUXFWLRQLQ*HUPDQ\UHODWHGWRERWKWKH
URDGDQGUDLOZD\LQIUDVWUXFWXUHQHWZRUN2QWKHRQHKDQGVWUXFWXUHVDUHQHFHVVDU\EHFDXVHRIQHZURDGVDQGUDLOZD\
FRQQHFWLRQVHJWKHQHZKLJKVSHHGUDLOZD\OLQN1XUHPEHUJ±+DOOH/HLS]LJZLWKVRPHLQQRYDWLYHVOHQGHUEULGJHV
DQGWKHORQJHVWUDLOZD\EULGJHLQ*HUPDQ\6DDOH(OVWHUYLDGXFW OHQJWKRIPDLQEULGJHPRUWKH+65OLQN
FRQQHFWLQJWKHFLWLHVRI6WXWWJDUWDQG8OPZLWKWKHQHZ)LOVWDOYLDGXFWEHLQJRQHRIWKHPRVWFKDOOHQJLQJDQGVSHFWD
FXODU*HUPDQUDLOZD\EULGJHV,QDGGLWLRQWKHUHDUHDOVRVRPHPHDVXUHVRQIHGHUDOKLJKZD\VUHTXLULQJEULGJHVDQG
HQJLQHHULQJVWUXFWXUHVVXFKDVHJWKHH[WHQVLRQRI%$%$LQ%DYDULD2QWKHRWKHUKDQGWKHUHDUHDOVRPDQ\OR
FDWLRQVDORQJ WKHH[LVWLQJQHWZRUNUHTXLULQJ WKHGHPROLWLRQDQGUHSODFHPHQWRIROGHUEULGJHV WKDWQR ORQJHUPHHW
SUHVHQWUHTXLUHPHQWV,QDGGLWLRQWRVRPHYHU\ROGUDLOZD\EULGJHVSDUWLDOO\RYHU\HDUVWKLVDSSOLHVIRUDVHULHV
RIURDGZD\EULGJHVLQWKHFRXUVHRIKLJKZD\VHJ%$%$$DQG$DPRQJVWRWKHUVEULGJH+HLGLQJVIHOGLQ
WKHYLFLQLW\RI:U]EXUJ/DKQWDOYLDGXFWQHDU/LPEXUJ>@)LJDQGDOVRWRDFRXSOHRIPDMRUULYHUEULGJHVHJ
/HYHUNXVHQFDEOHVWD\HGEULGJHVHYHUHIDWLJXHSUREOHPVDQG6FKLHUVWHLQVWHHODQGVWHHOFRPSRVLWHEHDPEULGJHV
FRQQHFWLQJ:LHVEDGHQDQG0DLQ]PDLQVSDQPDFURVVWKHULYHU5KLQH

)LJ/DKQWDOEULGJHDEDODQFHGFDQWLOHYHUHUHFWLRQZLWKDX[LOLDU\SLHUEWZLQER[FURVVVHFWLRQZLGWKPEHIRUHFORVXUHDWPLGVSDQ
%HVLGHVQHZPDMRUEULGJHVDQGYLDGXFWVWKHUHDUHDOVRVPDOOHURQHVZLWKLQWHUHVWLQJGHWDLOVPRVWO\IRFXVLQJRQDQ
HQKDQFHPHQWRIPDLQWHQDQFHDQGGXUDELOLW\2QHH[DPSOHLVWKHQHZIO\RYHUQHDU*UHLHOEDFKEHLQJFKDUDFWHUL]HGE\
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DVHSDUDWLRQRIWKHORDGEHDULQJV\VWHPVZLWKDSUHFDVWVWHHOFRPSRVLWHIUDPHµ9)7¶DVPDLQVWUXFWXUDOV\VWHPDQG
SUHVWUHVVHGVHJPHQWVZLWKVXEVHTXHQWORQJLWXGLQDOLQWHUQDOSRVWWHQVLRQLQJZRERQGIRUPLQJWKHEULGJHGHFNVHS
DUDWHGIURPWKHIUDPHE\DVOLGLQJSODQH%HFDXVHRIWKLVVWUXFWXUDOFRQFHSWDQGPDQ\LQQRYDWLYHGHWDLOVODERUDWRU\
WHVWVH[SHUW¶VUHSRUWVDQGDSSURYDOVZHUHQHFHVVDU\SULRUWRHUHFWLQJWKHIO\RYHUZKLFKLVDOVRSUHVHQWHGLQGHWDLOLQ
>@,QDGGLWLRQDQGLQYLHZRIJDLQLQJYDOXDEOHLQIRUPDWLRQIRUIXWXUHDSSOLFDWLRQRIWKLVW\SHRIEULGJHWKHFRQ
VWUXFWLRQZRUNVZHUHDUHDFFRPSDQLHGE\DFRPSUHKHQVLYHVFLHQWLILFVXSHUYLVLRQSURYLGHGE\ WKH780&KDLURI
&RQFUHWHDQG0DVRQU\6WUXFWXUHVLQFOXGLQJDORDGLQJWHVWRQWKHFRPSOHWHGVWUXFWXUHHJVHH)LJE
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)LJD)LOVWDOYLDGXFWFRPSXWHUDQLPDWLRQ'%1HW]$*E*UHLHOEDFKEULGJHZLWKVHJPHQWDOURDGZD\VODEKHUHORDGLQJWHVW
5HDQDO\VLVDQGDVVHVVPHQWVWUDWHJ\LQ*HUPDQ\
6LPLODUWRPDQ\RWKHUFRXQWULHVWKH*HUPDQLQIUDVWUXFWXUHQHWZRUNLVFKDUDFWHULVHGE\DKXJHQXPEHURIH[LVWLQJ
EULGJHVZLWKDUHODWLYHO\KLJKDYHUDJHDJHDQGDSURJUHVVLYHLQFUHDVHLQWUDIILFYROXPHSDUWLFXODUO\ZLWKUHVSHFWWRWKH
KHDY\WUDIILFSRUWLRQ%\RQO\WDNLQJLQWRDFFRXQWWKHIHGHUDOURDGVDQGKLJKZD\VWKHUHLVDQRYHUDOOQXPEHURIPRUH
WKDQEULGJHVDQGYLDGXFWVVRPHLQGLYLGXDOVWUXFWXUHVUHSUHVHQWLQJDWRWDOGHFNDUHDRIVRPHPLOOLRQ
VTP ,Q UHODWLRQ WR WKHGHFNDUHD WKHPDMRULW\RI WKH VWUXFWXUHV LHDUHSUHVWUHVVHGRU UHLQIRUFHGFRQFUHWH
EULGJHVZLWKDKXJHSRUWLRQEHLQJHUHFWHGEHWZHHQDQG$WWKHPRPHQWWKHUHLVDQDYHUDJHDJHRIVRPH
\HDUVZLWKPRUHWKDQRIWKHH[LVWLQJVWUXFWXUHVH[FHHGLQJ\HDUV,QWKHVRFDOOHG³1DFKUHFKQXQJVULFKW
OLQLH´1D5LO>@ZDVUHFRPPHQGHGIRUDSSOLFDWLRQE\WKH)HGHUDO0LQLVWU\RI7UDQVSRUW LQRUGHU WRLPSOHPHQWD
V\VWHPDWLFVWDJHGUHDQDO\VLVDSSURDFKIRXUVWDJHVRIDQDO\VLVIRUUHDQDO\VLVDQGDVVHVVPHQWDGDSWHGWRWKHVSHFLDO
GHPDQGVRIH[LVWLQJVWUXFWXUHV6LQFHWKHQDOOVWDWHVZLWKYDU\LQJLQWHQVLW\DQGVWDUWLQJZLWKVHOHFWHGSLORWDSSOLFDWLRQV
KDYHXQGHUWDNHQDQGVWLOOGRXQGHUWDNHEULGJHDVVHVVPHQWVDFFRUGLQJWRWKHQHZJXLGHOLQH
&XUUHQWH[SHULHQFHJDLQHGIURPDSSOLFDWLRQRIWKHVWDJHGJXLGHOLQHWRPRUHWKDQEULGJHVVKRZVWKDWRQO\VRPH
HQWLUHO\FDQIXOILODOOUHTXLUHPHQWVXSRQILQDOLVDWLRQRIVWDJHRQO\LQVWDJHZKHUHDVPRUHWKDQRI
WKH EULGJHV H[KLELW UHOHYDQWRU VHYHUH FDOFXODWRU\GHILFLWV$GHWDLOHGRYHUYLHZRQ UHDQDO\VLV UHVXOWV IRU*HUPDQ
EULGJHVDVZHOODVDQHYDOXDWLRQRIW\SLFDOGHILFLWVFDQEHIRXQGLQWKH%$6WUHVHDUFKUHSRUW%>@SOHDVHDOVR
UHIHUWR>@%HVLGHVWKHDJHWKHJHQHUDOVWUXFWXUDOFRQGLWLRQRIWKHEULGJHVDQGWKHFRQWLQXRXVO\LQFUHDVLQJWUDIILF
ORDGVWKHGHILFLHQFLHVPD\DOVREHDWWULEXWHGWRPRGLILHGFRGHVDQGUHJXODWLRQVVHYHUDOHDUOLHUGHVLJQDSSURDFKHVIRU
FRQFUHWHEULGJHVKDYHEHHQPRGLILHGLQPRGHUQFRGHVWDUJHWHGRQWKHGHVLJQRIQHZEULGJHVDLPLQJWRLQFUHDVH
UHVHUYHVLQEHDULQJFDSDFLW\DQGREWDLQPRUHUREXVWVWUXFWXUHV)XUWKHUWKHUHLVTXLWHDQXPEHURIEULGJHVHUHFWHGLQ


,Q1D5LOVWDJHWKHEULGJHLVDQDO\VHGLQDFFRUGDQFHZLWKFXUUHQWFRGHVZKHUHDVVWDJHDOORZVFHUWDLQPRGLILFDWLRQVLQWHUPV
RILQSXWSDUDPHWHUVDQGRUOLPLWYDOXHVHJUHJDUGLQJSDUWLDOVDIHW\IDFWRUVRUWKHVKHDUGHVLJQFRQFHSW,IWKHUHDUHVWLOOGHILFLHQFLHV
XSRQFRPSOHWLRQRIVWDJHVDQGWKHJXLGHOLQHGHILQHVWZRDGGLWLRQDOOHYHOVPHDVXUHPHQWEDVHGDVVHVVPHQWDQGOHYHOUH
DQDO\VHVXWLOLVLQJVFLHQWLILFPHWKRGVVXFKDVSK\VLFDOO\QRQOLQHDUQXPHULFDOPRGHOVRUSUREDELOLVWLFDSSURDFKHV
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WKHHDUO\GD\VRISUHVWUHVVLQJH[KLELWLQJV\VWHPDWLFZHDNQHVVHVHJFUDFNVDQGIDWLJXHDWWHQGRQFRXSOLQJVWUXFWXUDO
MRLQWVSWVWHHOVHQVLWLYHWRVWUHVVFRUURVLRQFUDFNLQJDQG±EHFDXVHRIWKHIRUPHUJHQHUDOWHQGHQF\WRZDUGVDPDWHULDO
VDYLQJGHVLJQWKHUHDUHRQO\OLWWOHVWUXFWXUDOUHVHUYHVIRUFKDQJLQJERXQGDU\FRQGLWLRQV
%DVHGRQWKHUHDQDO\VLVILQGLQJVPHQWLRQHGDERYHLQPDQ\FDVHVDWOHDVWDGGLWLRQDOLQGHSWKLQYHVWLJDWLRQVHJ
VWDJHDQDO\VHVZRXOGEHUHTXLUHGDQGIRUDUDWKHUELJSRUWLRQRIEULGJHVLWZRXOGEHQHFHVVDU\WRGHVLJQVWUHQJWK
HQLQJPHDVXUHVRUHYHQWRUHSODFHWKHH[LVWLQJEULGJHE\DQHZRQH$VH[SHFWHGDQGVKRZQLQGHWDLOLQ>@WKHPDLQ
GHILFLHQFLHVSDUWLFXODUO\DUHUHODWHGWRORQJLWXGLQDOVKHDURIWKHEULGJHVDQGFRPELQHGVKHDUEHQGLQJDFWLRQ
DWWKHFRQQHFWLRQRIZHEVDQGVODEVWRPLVVLQJORQJLWXGLQDOWRUVLRQUHLQIRUFHPHQWDQGWRIDWLJXHSURE
OHPVDWFRXSOLQJMRLQWV(VSHFLDOO\WKHLQVXIILFLHQWVKHDUFDSDFLW\LVLQGLUHFWUHODWLRQZLWKWKHEULGJHDJHDQG
FRUUHVSRQGLQJVWDQGDUGVUHVSHFWLYHO\7KXVDOPRVWRIWKHSUHVWUHVVHGFRQFUHWHEULGJHVEXLOWEHIRUHH[KL
ELWGUDPDWLFGHILFLHQFLHVLQVKHDUPDLQO\EHFDXVHRIDV\VWHPDWLFPLQLPXPVKHDUUHLQIRUFHPHQWFULWHULRQPLVVLQJLQ
WKHIRUPHU',1ZKHUHDVEULGJHVFRPSOHWHGDQGODWHUUDUHO\H[FHHGVKHDUGHVLJQFULWHULDDFFRUGLQJ
WR1D5LOVWDJHZLWKGHILFLHQFLHVEHLQJOLPLWHGWRVPDOOYDOXHVLQFDVHRIH[FHHGDQFH
'HVSLWHWKHUHDUHPDQ\VHYHUHFDOFXODWRU\GHILFLHQFLHVRQO\IHZFUDFNVFDQEHGHWHFWHGDWWKRVHEULGJHV7KHUHIRUH
LW VHHPV WKDWHLWKHU WKHUHDUHPRUH IDYRXUDEOH ORDGEHDULQJPHFKDQLVPV LQUHDO VWUXFWXUHVZKLFKDUHQRW UHIOHFWHG
VXIILFLHQWO\LQFXUUHQWHQJLQHHULQJPRGHOVRUDQGWUDIILFORDGVGRQRWUHDFKWKHOHYHOVWDNHQLQWRDFFRXQWLQQXPHULFDO
DQDO\VHV,QRUGHUWRDFKLHYHDPRUHUHDOLVWLFDVVHVVPHQWDQGKHQFHWRUHGXFHWKHKXJHQXPEHURIEULGJHVZLWKFDOFX
ODWRU\GHILFLWVWKH³%XQGHVDQVWDOWIU6WUDHQZHVHQ´%$6WWKHUHVHDUFKFRRUGLQDWLQJXQLWRIWKH)HGHUDO0LQLVWU\
RI7UDQVSRUWKDVLQLWLDWHGVHYHUDOUHVHDUFKSURMHFWVIRFXVLQJRQDSURYLVLRQRIDGGLWLRQDOVLPSOLILHGVWDJHGHVLJQ
IRUPDWVZKLFKKDYHEHHQLQFRUSRUDWHGLQWKHODWHVWUHYLVLRQLHVW1D5LOVXSSOHPHQWRIWKHJXLGHOLQH>@,QWKLV
FRQWH[WLQYHVWLJDWLRQVRQWKHVKHDUDQGWRUVLRQDOFDSDFLW\>@³VKRUWWHUPVROXWLRQV´WKHORDGEHDULQJEHKDYLRXUDW
WKHZHEVODEFRQQHFWLRQDQGIDWLJXHHIIHFWVLPSDFWORDGVWREHFRQVLGHUHGRQEULGJHSDUDSHWV>@DQGWUDIILFORDGVLQ
WHPSRUDU\WUDIILFVLWXDWLRQVGXULQJKHDY\PDLQWHQDQFHDQGRUFRQVWUXFWLRQZRUNVVKDOOEHPHQWLRQHGH[HPSODULO\
&RPSUHKHQVLYHFRPPHQWDULHVRQWKHUHYLVHG1D5LOJXLGHOLQHLQFOXGLQJGHWDLOVRQWKHH[WHQGHGGHVLJQIRUPDWVDQG
WKHPHFKDQLFDODQGWHFKQLFDOEDFNJURXQGFDQEHIRXQGHJLQ>@
&XUUHQWUHVHDUFKDFWLYLWLHVUHDOLVWLFDVVHVVPHQWRIH[LVWLQJEULGJHV
7KHFXUUHQWUHYLVLRQRI1D5LO>@SURYLGHVVHYHUDOH[WHQGHGGHVLJQFRQFHSWVHJHYDOXDWLRQRIWKHVKHDUFDSDFLW\
RISUHVWUHVVHGFRQFUHWHEULGJHVRQWKHEDVLVRIDSULQFLSDOWHQVLOHVWUHVVFULWHULRQ+RZHYHUZLWKUHJDUGWRIXWXUHUH
DQDO\VHVDQGDVVHVVPHQWVUHIOHFWLQJWKHORDGEHDULQJEHKDYLRUDQGIDLOXUHPRGHVDVUHDOLVWLFDVSRVVLEOHWKHUHVHHPV
WREHVWLOOIXUWKHUSRWHQWLDODVFDQEHVHHQIURPVFLHQWLILFLQYHVWLJDWLRQVDQGVHYHUDOH[SHUWVUHSRUWVRQH[LVWLQJEULGJHV
7KHUHIRUHDGGLWLRQDOWKHRUHWLFDODQGH[SHULPHQWDOUHVHDUFKDFWLYLWLHVKDYHEHHQODXQFKHGDLPLQJWRIXUWKHULPSURYH
WKHUHDQDO\VLVPHWKRGRORJ\LHUHDOLVWLFDVVHVVPHQWDQGWRSURYLGHSUDFWLFHRULHQWHGHQJLQHHULQJPRGHOVEDVHGRQ
VFLHQWLILFDOO\YHULILHGEDVLFV([HPSODULO\SOHDVHUHIHUWRDPDMRUFXUUHQW%$6WUHVHDUFKSURMHFWRQVKHDUDQGRQWRU
VLRQ)()5%ZLWKIRXUUHVHDUFKSDUWQHUVDQGH[WHQVLYHODERUDWRU\H[SHULPHQWVRQSUHVWUHVVHGFRQ
WLQXRXVEHDPV7KHSURMHFWSDUWLFXODUO\FRPSULVHVLQYHVWLJDWLRQVRQWKHLQIOXHQFHRIGLIIHUHQWORDGLQJVFHQDULRVDQG
FURVVVHFWLRQDOJHRPHWU\HJYDU\LQJVOHQGHUQHVVUDWLRRIZHEDQGIODQJH+HUHE\VWDWLFDQGG\QDPLFORDGVDVZHOO
DVGLIIHUHQWVKHDUUHLQIRUFHPHQWFRQFHSWVLQ WHUPVRIFRQWHQWDQGVKDSHRI WKHVWLUUXSVDUH LQFOXGHGZLWKVSHFLDO
DWWHQWLRQEHLQJSDLGRQ WKHSHUPLVVLELOLW\ WR WDNH LQWRDFFRXQWVSHFLDO W\SHVRIVWLUUXSVDQGVKHDUUHEDUVQR ORQJHU
DFFHSWHGLQPRGHUQFRGHV,QH[SHULPHQWDOO\DVVHVVLQJWKHHIIHFWLYHQHVVRIQRWFORVHGW\SHVRIVWLUUXSVRUUHEDUVZLWK
LQVXIILFLHQWODSOHQJWKLWLVLPSRUWWRJDLQSUHFLVHLQIRUPDWLRQRQWKHLQWHUQDOORDGEHDULQJPHFKDQLVPDQGWKHERQGLQJ
EHKDYLRUEHWZHHQUHLQIRUFHPHQWDQGFRQFUHWH,QWKHUHVHDUFKSURMHFWVSHFLDOILEHURSWLFPHDVXUHPHQWV\VWHPVDUH
XWLOL]HGRIIHULQJERWKDGLVWLQFWLYHO\KLJKHUUHVROXWLRQDQGSUHFLVLRQFRPSDUHGHJZLWKFRQYHQWLRQDOFDPHUDEDVHG
V\VWHPVDQGWKHSRVVLELOLW\WRFRQWLQXRXVO\UHFRUGVWUDLQVZLWKLQVWUXFWXUDOPHPEHUVILEHUVDSSOLHGWRUHEDUVDQGRQ
WKHRXWVLGHFRQFUHWHVXUIDFH>@VHH)LJ,QDGGLWLRQWRORDGLQJWHVWVZLWKFRQWLQXRXVEHDPVOHQJWKPKHLJKW
PDQLQQRYDWLYHH[SHULPHQWDOVHWXSLVGHYHORSHGHQDEOLQJDUHDOLVWLF WHVWLQJRIFRQFUHWHEHDPVDWDUHGXFHG
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OHQJWKVXEVWUXFWXUHWHFKQLTXHZLWKDUELWUDU\VWUHVVVWDWHVEHLQJDSSOLHGE\H[WHUQDOMDFNV>@+HUHE\DOVRVFDOH
HIIHFWVDUHLQYHVWLJDWHGE\WHVWLQJEHDPVZLWKYDU\LQJKHLJKWRIXSWRP

)LJ&RQWLQXRXVKLJKSUHFLVLRQILEHURSWLFVWUDLQJDXJHVDDSSOLHGWRDFRQFUHWHURDGZD\VODELQVLWXVWUDLQPHDVXUHPHQW
EDSSOLHGWRUHLQIRUFHPHQWVKHDUWHVWVPLGGOHWHVWVHWXSZLWKLQGLYLGXDOUHEDUXQGHUWHQVLRQHPEHGGHGLQFRQFUHWHULJKW
%HVLGHVLQGHSWKLQYHVWLJDWLRQVRQORDGEHDULQJPHFKDQLVPVDQGVWUXFWXUDOFDSDFLW\³UHVLVWDQFH´WKHUHDUHDOVR
VHYHUDOUHVHDUFKSURMHFWVIRFXVLQJRQDGGLWLRQDOUHVHUYHVDULVLQJIURPRYHUHVWLPDWHGOLYHORDGVLHGHULYLQJEULGJH
VSHFLILFORDGVWDNLQJLQWRDFFRXQWWKHUHDOWUDIILF1D5LOJHQHUDOO\DOORZVWRDGDSWWKHORDGLQJOHYHOWRWKHORFDOWUDI
ILFVLWXDWLRQ$WWKHPRPHQWKRZHYHUSRVVLEOHDGDSWLRQVDUHOLPLWHGWRDUHODWLYHO\FRQVHUYDWLYHOHYHODQGDOOIHGHUDO
URDGDQGKLJKZD\EULGJHVKDYHWREHUHDQDO\VHGXVLQJORDGPRGHO/0DVWDUJHWYDOXH±UHJDUGOHVVRIWKHDFWXDO
WUDIILF ,QFRQWUDVW WR WKLV UDWKHUELJGLIIHUHQFHVEHWZHHQ WKHRUHWLFDODQGDFWXDOKHDY\ WUDIILF RYHUDOOZHLJKWD[OH
ORDGVFDQEHGHWHFWHGLQWKHURDGLQIUDVWUXFWXUHQHWZRUNLQ*HUPDQ\)XUWKHUDOVRWKHLQWHQGHGUHTXLUHGUHPDLQLQJ
VHUYLFHOLIHRIWKHLQGLYLGXDOEULGJHVGLUHFWO\LQIOXHQFHVWKHFDOFXODWRU\OLYHORDGVGHULYHGIURPSUREDELOLVWLFPRGHOV
DQHIIHFWZKLFK LVQRWFRQVLGHUHG LQFXUUHQWGHVLJQFRQFHSWV7KHUHIRUH WKHGHYHORSPHQWRIDQHQKDQFHGFRQFHSW
WRZDUGVURXWHDQGEULGJHVSHFLILFORDGPRGHOVERWKFRXOGOHDGWRDGLVWLQFWUHGXFWLRQRIWKHPD[LPXPOLYHORDGWREH
LQFOXGHGLQEULGJHUHDQDO\VHVDQGZRXOGSURYLGHLPSRUWDQWLQIRUPDWLRQLQYLHZRIGHYHORSLQJRSWLPL]HGPDLQWHQDQFH
DQGPRGHUQL]DWLRQVWUDWHJLHVIRULQGLYLGXDOEULGJHVDQGWKHLQIUDVWUXFWXUHQHWZRUN)LUVWQXPHULFDODQDO\VHVRQVSHFLILF
EULGJHVZLWKDUHODWLYHO\ORZKHDY\WUDIILFSRUWLRQFOHDUO\FRQILUPWKDWWKHUHLVDFRQVLGHUDEOHSRWHQWLDOLQDGRSWLQJ
WKLVFRQFHSWSOHDVHUHIHUWRHJ>@,QWKLVFRQWH[W,ZRXOGOLNHWRDOVRGUDZWKHDWWHQWLRQWRDFXUUHQWUHVHDUFK
SURMHFWRIWKH780&KDLURI&RQFUHWHDQG0DVRQU\6WUXFWXUHV>@UHVHDUFKJUDQWE\+LJKZD\V$XWKRULW\RI6RXWKHUQ
%DYDULDDLPLQJ WRGHYHORSVLWHVSHFLILF WUDIILF ORDGPRGHOVDQGHYDOXDWH WKHLUSRWHQWLDORIDSSOLFDWLRQZLWKLQ WKH
VFRSHRIUHDVVHVVPHQWIRUDQH[HPSODU\URXWHWKHIHGHUDOKLJKZD\%$%$LQ*HUPDQ\([WHQVLYHQXPHULFSD
UDPHWHU VWXGLHV HVWLPDWLQJH[WUHPH ORDGHIIHFWVRQD ODUJH VHWRIGLIIHUHQW VWUXFWXUHVDQG WUDIILF FRQVWHOODWLRQVDUH
SHUIRUPHGWRJDLQDEHWWHUXQGHUVWDQGLQJRIWKHXQGHUO\LQJFRUUHODWLRQVDQGKHQFHVXSSRUWWKHGHYHORSPHQWRIVWUDW
HJLHVWRLGHQWLI\WKRVHVHFWLRQVRIWKHKLJKZD\QHWZRUNSURPLVLQJWKHKLJKHVWSRWHQWLDOIRUWKHDSSOLFDWLRQRIVLWH
VSHFLILFORDGPRGHOVLQEULGJHUHDQDO\VHV7KHUHVHDUFKSURMHFWDOVRLQFOXGHVLQYHVWLJDWLRQVRQDSSURSULDWHDQGHIIL
FLHQWPRQLWRULQJFRQFHSWVDSSOLHGWRVXUYH\LIUHOHYDQWDVVXPSWLRQVVXFKDVWUDIILFGDWDDUHVWLOOYDOLGLQWKHORQJWHUP
HJGHILQLWLRQRIZDUQLQJOLPLWDQGDODUPYDOXHV






)LJD7UDIILFFRXQWLQJDQG:,0ORFDWLRQVKHUH0XQLFKDQG$EGHULYDWLRQRIURXWHDQGRUEULGJHVSHFLILFORDGPRGHOV
VKHDUWHVWVZLWKILEHUPHDVXUHPHQW
ILEHUVDSSOLHGWRVWLUUXSV
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,QDGGLWLRQWRPRQLWRULQJFKDQJHVLQOLYHORDGDFWLRQVRUDQGVWUXFWXUDOUHVSRQVHVWKHUHDUHDOVRVHYHUDOUHVHDUFK
SURMHFWVIRFXVLQJRQLQQRYDWLYH´LQWHOOLJHQW´PRQLWRULQJVWUDWHJLHVDQGDGLUHFWOLQNDJHRIPHDVXULQJGDWDZLWKQX
PHULFDOSURJQRVLVPRGHOVFXOPLQDWLQJLQDUHOLDELOLW\EDVHGDVVHVVPHQWRIWKHDFWXDOVDIHW\OHYHORIEULGJHVWUXFWXUHV
VHHHJ>@,QWKLVFRQWH[WWKHUHLVDOVRDVHULHVRIUHVHDUFKSURMHFWVFRQGXFWHGZLWKLQWKHIUDPHZRUNRIWKHSULRULW\
SURJUDPRIWKH%XQGHVDQVWDOWIU6WUDHQZHVHQ%$6WÄ6PDUW%ULGJH³IRUGHWDLOVSOHDVHUHIHUWR>@
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